?F Fermi National Accelerator Laboratory

FERMILAB-Pub-96/393-E
E704

Spin Transfer in Inclusive A’ Production by Transversely Polarized
Protons at 200 GeV/c

A. Braver et dl.
The E704 Collaboration

Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, Illinois 60510

September 1997
Submitted to Physical Review Letters

Operated by Universities Research Association Inc. under Contract No. DE-AC02-76CH03000 with the United States Department of Energy



Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect

those of the United States Government or any agency thereof.

Distribution

Approved for public release; further dissemination unlimited.



Spin Transfer in Inclusive A" Production by Transversely

Polarized Protons at 200 GeV/c

A. Bravar,'™ D.L. Adams,'® N. Akchurin,® N.I. Belikov,” B.E. Bonner,'¢ J. Bystricky,?

M.D. Corcoran,'® J.D. Cossairt,? J. Cranshaw,'®" A.A. Derevschikov,” H. En’yo,®

H. Funahashi,® Y. Goto,®* O.A. Grachov,” D.P. Grosnick,! D.A. Hill,! T. lijima,®
K. Imai,® Y. Itow,®% K. Iwatani,* K. Kuroda,!* M. Laghai,! F. Lehar,? A. de Lesquen,?
D. Lopiano,! F.C. Luehring,'®** T. Maki,” S. Makino,®!" A. Masaike,® Yu.A. Matulenko,”

A.P. Meschanin,® A. Michalowicz,!' D.H. Miller,'®> K. Miyake,® T. Nagamine,®

F. Nessi-Tedaldi,'®*# M. Nessi,'®* C. Nguyen,'® S.B. Nurushev,” Y. Ohashi,' Y. Onel,®
D.I. Patalakha,® G. Pauletta,'® A. Penzo,'” G.F. Rappazzo,'? A.L. Read,® J.B. Roberts,'®

L. van Rossum,? V.L. Rykov,” N. Saito,®* G. Salvato,'? P. Schiavon,'” J. Skeens,
V.L. Solovyanov,® H. Spinka,! R.W. Stanek,! R. Takashima,? F. Takeutchi,'® N. Tamura,'*

D.G. Underwood,! A.N. Vasiliev,” J.L. White,'®% S. Yamashita,® A. Yokosawa,'
T. Yoshida,' and A.M. Zanetti'”
(Fermilab E704 Collaboration)
Y Argonne National Laboratory, Argonne, Illinois 60439, USA
2CEA-DAPNIA/SPP, CE-Saclay, F-91191 Gif-sur Yvelte, France
3Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA
4 Hiroshima University, Higashi-Hiroshima 724, Japan
% Institute of High Energy Physics, 142284 Protvino, Russia
6 Department of Physics and Astronomy, University of Iowa, Iowa City, Towa 52242, USA
" University of Occupational and Environmental Health, Kita-Kyushu 807, Japan
8 Department of Physics, Kyoto University, Kyoto 606-01, Japan
9 Kyoto University of Education, Kyoto 612, Japan
10 Kyoto-Sangyo University, Kyoto 612, Japan

1 Laboratoire de Physique des Particules, BP 909, 74017 Annecy-le-Vieuz, France



2 Dipartimento di Fisica, Universita di Messina and INFN Messina, I-98100 Messina, Italy
13 Physics Department, Northwestern University, Evanston, Illinois 60201, USA
M Department of Physics, Okayama University, Okayama 800, Japan
15 Osaka City University, Osaka 558, Japan
€T . W. Bonner Nuclear Laboratory, Rice University, Houston, Texas 77251, USA
17 Dipartimento di Fisica, Universita di Trieste and INFN Trieste, 1-3/100 Trieste, Italy

18 Universita di Udine and INFN Udine, 1-33100 Udine, Italy

*Universitdt Mainz, D-55099 Mainz, Germany

TINFN Trieste, I-34100 Trieste, Italy

IRIKEN, Saitama 351-01, Japan

$Inst. for Cosmic Ray Research, University of Tokyo, Gifu 506-12, Japan
**Indiana University, Bloomington, IN 47405, USA

HWakayama Medical College, Wakayama 649-63, Japan

HCERN, CH-1211 Geneva 23, Switzerland

88SLAC, Stanford, CA 94309, USA



Abstract

Surprisingly large polarizations in hyperon production have been known for a
long time. The spin dynamics of the production process can be further inves-
tigated with polarized beams. Recently, a negative asymmetry Ay was found
in inclusive A® production with a 200 GeV/c transversely polarized proton
beam. The depolarization Dy in p | +p — AY+ X has been measured with
the same beam over a wide zp range and at moderate py. Dy reaches pos-
itive values of about 30 % at high 27 and py ~ 1.0 GeV/c. This result shows

a sizeable spin transfer from the incident polarized proton to the outgoing A°.

PACS numbers: 13.88.4e, 13.85.Ni, 14.20.Jn



The observation 20 years ago of a large negative polarization in inclusive A° production
by an unpolarized proton beam at 300 GeV/c [1] renewed interest in spin as an important
factor in high-energy hadron interactions. Afterwards several experiments measured large
polarizations for various hyperons over a wide kinematical range [2]. Previous expectations,
based on Regge theory and QCD predictions, were that spin effects would vanish at high en-
ergies, since the smallness of spin-flip amplitudes and the contribution of several production
channels to an inclusive process with large multiplicity of final states make it unlikely to
have the coherent interference between spin non-flip and spin flip amplitudes that leads to
sizeable polarization effects. Recently, a significant negative analyzing power Ay has been
found at 200 GeV/c in inclusive A° production by a transversely polarized proton beam at
high 2F and moderate pr (pr ~ 1 GeV/c) [3]. Large An values have been also found in
inclusive pion production with the same proton and antiproton polarized beam [4,5].

Different quark-parton models using static SU(6) wave functions were proposed to in-
terpret these polarization effects by introducing a spin dependence into the partonic frag-
mentation and recombination processes [6-8]. The A® polarization is attributed to some
mechanism, based on semiclassical arguments [6,7] or inspired to QCD [8], by which strange
quarks produced in the fragmentation process acquire a large negative polarization. The
features of the pion Ay data [4,5] are compatible with these models, provided that this
effect occurs also for up and down quarks. The spin dynamics of these processes can be fur-
ther investigated using polarized proton beams. In the previous models no correlation with
the incident proton polarization is expected in inclusive A® production, since the A® spin is
carried entirely by its constituent strange quark and the ud di-quark (which is in a spin and
isospin singlet state) propagates unperturbed as a spectator in the interaction. Therefore
spin asymmetries related to the beam polarization are expected to vanish. The negative
asymmetry Ay observed in A° production [3] is difficult to integrate in this picture unless
the spectator ud di-quarks play a more significant role in the recombination process than
generally expected [9]. Studies of other spin asymmetries in high energy hyperon production

add further input to understand these phenomena.
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In this Letter we report on the measurement of the depolarization parameter Dyy
in inclusive A° production with the 200 GeV/c Fermilab polarized proton beam [10] and
a 1.0 meter long liquid hydrogen target in the kinematical range 0.2 < ap < 1.0 and

0.1 < pr < 1.5 GeV/e. The double-spin parameter

dSCTTT dSCTTl

Dynn =
Ed?’_cr”_|_ Ed?’_aTl

dps dps
measures the fraction of the incident proton polarization transferred to the inclusively

%TT (1 is the spin-dependent differential cross-section for the process

produced A°. F
p T+ p— AT + X with parallel (anti-parallel) spin configurations for the incident
proton and the outgoing A°, both polarizations being orthogonal to the production plane.

The transversely polarized proton beam contained simultaneously protons of opposite
tagged polarizations. This considerably suppressed systematic effects. The average beam
polarization was 0.46 + 0.03 for both signs. Typical beam intensities at the experimental
target were of the order of 2x107 polarized protons per 20 second spill.

A hyperons produced at the experimental target were identified by reconstructing their
decay A° — pr~. Charged particles were measured in a forward spectrometer, described
in Refs. [3,4], equipped with 42 multi-wire proportional planes and a 3 T-m [ Bdl dipole
analyzing magnet. A threshold Cherenkov counter, C1, downstream of the magnet, was
used for proton identification.

Secondary AY decay vertices (V°’s) were searched by combining proton tracks identified
by C1 with negatively charged tracks assuming that they were 77 ’s [3]. It was required that:
(1) the closest distance in space of the two tracks was < 2 mm and that the V° decay vertex
was located between 20 cm and 540 cm downstream of the target end; (2) the V° came from
the target and matched there the beam impact point within 2 mm in the transverse plane;
(3) the Vs populated the decay phase space region corresponding to A® decays, bounded
by 0.45 < (pf —p1)/(pf +p5) < 0.95 and qr = ¢ = ¢7 < 0.12 GeV/e, where p} (p;) is the
longitudinal component of the positive (negative) track momentum and ¢z is the transverse

component of these momenta with respect to the V° line of flight.



These selection cuts led to a clean AY peak in the pr~ invariant mass spectrum, centered
at 1.116 GeV/c? with a width o = 1.7 MeV/c? and an estimated 2 % uniform background
below the AY peak, as most sources of background were suppressed by the vertex fiducial
volume cut, the selection of the A° decay phase space region, and K9 — 777~ decays were
rejected by C1. We selected A%s in a mass window of 5.1 MeV/c? about the peak. For
the Dyy analysis we required additionally that the A%’s were produced to the beam right
in the azimuthal angular interval of +60° from the horizontal plane around the beam axis.
A sample of about 40,000 A’s was thus selected.

For each xp and/or pr bin, the double-spin parameter Dyy was extracted from the A°
decay proton angular distribution in the A rest frame by defining 4 sets of events, integrating
the decay proton angular distribution above and below the A® production plane for the two
opposite beam polarizations separately. Dypy is then obtained from the asymmetry:

1 2 (NE + Nipwn) = (N + N )
Py(cos ¢v) an (Nt + Nz, ) + (Ng, + Ni,,,)

own

Dyny =

where, for instance, N} is the number of AYs produced by beam protons polarized upward
and emitting decay protons in the positive hemisphere with respect to the normal to the
production plane. Pg is the proton beam polarization, ¢y is the angle between the beam
polarization axis directed upward and the normal to the production plane ({cos ¢y ) ~ —0.85
in the selected azimuthal range), and ay = 0.642 is the A° decay asymmetry.

The Dy results thus obtained, are independent, to a good accuracy, of apparatus and
reconstruction biases, since A”’s were measured with the same apparatus and opposite beam
polarizations simultaneously. For a check of systematic biases we evaluated Dyy for non-
A° events (pr~ combinations outside of the A° mass window and K2), and we found that
Dyn = 0.007 4 0.039 for these background events. We also evaluated the A° polarization
by averaging over opposite beam polarizations and found a good agreement with existing
polarization results.

The depolarization Dy is given in Table 1 and shown in Figure 1 as a function of

pr averaged over the zp interval of 0.2-1.0. Dyy increases with pr to significantly large



positive values with an indication of flattening in py above 1.0 GeV /¢, while at low pr values
it is compatible with zero. Figure 2 and Table 2 show the double-spin parameter Dyy as
a function of zy averaged over the py interval of 0.1-1.5 GeV/e. At large xp values Dyy
reaches positive values as large as 30 % at pr ~ 1 GeV/c (see also Table 1 rows 6-11, where
the pr dependence is shown for two separate xp intervals), while almost no dependence in a5
is observed for x5 < 0.6, where Dyy is compatible with zero or slightly positive. In Figure 3
the Dyy data are split into two pr intervals and plotted as a function of xp. At low pr they
appear to be essentially zero, while in the high pr bin they show large positive values. A few
Dyy measurements in inclusive A production were previously performed with polarized
proton beams at much lower energies of 6 GeV/c [11], 13.3 GeV/c and 18.5 GeV/e [12].
Figure 2 shows also data obtained at 18.5 GeV /¢ for a bin about (pr) ~ 1.0 GeV/c [12].
These data appear to be compatible with zero over the measured range, which however
doesn’t extend above xp ~ 0.5. More recently, a sizeable spin transfer has been inferred
in Q= production by high energy neutral beams containing transversely polarized A%’s and
=%s [13].

The kinematical dependence of present Dyy results shows, in magnitude, a behavior
similar to the hyperon polarization [2]. The observed Dyy results, as in the case of the Ay
data in inclusive A? production [3], cannot however be directly obtained from a mechanism
such as proposed to explain the A° polarization [6-8], where a highly polarized strange
quark produced in the fragmentation process recombines with an unpolarized ud spectator
di-quark from the incident proton independently of its polarization. Our results indicate a
substantial spin transfer from the incident polarized proton to the inclusively produced A°
as large as 30 % at high xp (xp > 0.6) and pr ~ 1 GeV/c.

More recent models based on non-perturbative approaches and peripheral mechanisms
with an underlying quasi-binary subprocess, such as a 7 exchange mechanism [14], or
resonance-decay interference between real and virtual channels [15], were proposed to ex-
plain the A® polarization. These models might also accomodate a more substantial spin

dependence in the A° production process, such as the one shown by the present data. A



model, based on the idea of rotating constituents in polarized protons [16], is fairly success-
ful in accounting for the observed Ay behavior in pion production. This model appears to
reproduce qualitatively also the AY analyzing power and the Dyy data presented in this
Letter.
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TABLES

TABLE 1. Dyy data for p | +p — A + X as a function of py (the errors are statistical only;

systematic errors were estimated to be negligible compared to statistical ones).

pr interval (GeV/c) Dnn (zF) (pr(GeV/e))

02<2rp <1.0

0.1-0.3 —0.05+0.12 0.42 0.23

0.3-0.5 —0.035+ 0.074 0.49 0.41

0.5-0.7 0.147 £ 0.071 0.56 0.60

0.7-1.0 0.216 £ 0.081 0.61 0.82

1.0-1.5 0.26+0.17 0.66 1.13
0.2<2r <05

0.1-0.4 —0.03 £ 0.10 0.38 0.29

0.4-0.6 0.14 £ 0.11 0.40 0.49

0.6-1.0 0.20+0.13 0.42 0.74
0.5 <z <1.0

0.5-0.7 0.09+0.09 0.65 0.60

0.7-1.0 0.24 £ 0.09 0.67 0.82

1.0-1.5 0.31+0.18 0.69 1.14
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TABLE II. Dy data for p | +p — A° + X as a function of xp (the errors are statistical only).

zF interval Dyn (zr) (pr(GeV/c))
0.1 <pr<15GeV/c
0.20-0.35 0.03+0.13 0.30 0.41
0.35-0.45 0.039 £+ 0.093 0.40 0.49
0.45-0.55 0.079 £+ 0.082 0.50 0.57
0.55-0.65 0.081 £+ 0.085 0.60 0.64
0.65-0.80 0.148 £+ 0.086 0.71 0.71
0.80-1.0 0.35+0.16 0.85 0.79
0.1 <pr<0.6 GeV/e
0.2-0.4 —0.05+0.11 0.33 0.37
0.4-0.6 0.01 £ 0.08 0.49 0.42
0.6-0.8 —0.02+0.11 0.68 0.47
0.6 <pr<15GeV/c
0.3-0.5 0.17+0.12 0.43 0.77
0.5-0.7 0.194+ 0.09 0.60 0.81
0.7-1.0 0.37+0.11 0.79 0.84
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FIG. 1. Dypy data as a function of pr.
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FIG. 2. Dyn data as a function of xp. Also shown are Dyx measurements at 18.5 GeV /e

from Ref. [12] ({(pr) ~ 1.0 GeV/c for the plotted points).
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FIG. 3. Dyy data as a function of 2y divided into two pr intervals of 0.1 < pr < 0.6 GeV /¢

(open squares) and 0.6 < pr < 1.5 GeV/c (full squares).
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